Abstract. Cancer represents a significant challenge for humankind, as early diagnosis and treatment are difficult to achieve. To systemically investigate the effect of sex, body mass index (BMI) and age on cancer incidence and prognosis, the data from 14,504 cases of cancer were downloaded from The Cancer Genome Atlas (TCGA). BMI was used to categorize each person as underweight, normal weight, overweight or obese. Two-and five-year survival rates were applied to estimate the prognosis for each cancer type. All data were statistically analyzed. We identified that males were more susceptible to lung, liver and skin cancer when compared with females, whereas females were more susceptible to thyroid, breast and adrenal cortex cancer. High BMI (>25) was positively associated with the occurrence of cancer, although patients with high BMI at the time of initial diagnosis had higher two/five-year survival rates. The survival rates for cancer were positively correlated with the age at initial pathologic diagnosis. Some types of cancer were associated with particularly young ages of onset, including adrenocortical carcinoma, cervical and endocervical cancers, brain lower grade glioma, pheochromocytoma and paraganglioma, testicular germ cell tumors and thyroid carcinoma. Hence, the early diagnosis and prognosis for these cancers need to be improved. In conclusion, sex, BMI and age are associated with the incidence and survival rates for cancers. These results could be used to supplement precision and personalized medicine.
Introduction
Cancers are diseases involving the uncontrollable growth of abnormal cells that overcome the usual limitations to cell division. Cancer is now a relatively common disease. For example, there were about 90.5 million individuals diagnosed with cancer in 2015 (1) , and more than 14.1 million new cases of cancer occur each year. Cancer is a leading cause of death worldwide, accounting for 8.8 million deaths in 2015; 15.7% of all deaths. The most common causes for cancer-related death are lung, liver, colorectal, stomach and breast cancers (2) . Cancer is becoming an enormous burden on society in high-and low-income countries alike, costing an estimated 1.16 trillion USD worldwide in 2010 (3) .
The global incidence of cancer is increasing due to the growth and aging of the population, as well as an increasing prevalence of established risk factors such as hormone replacement therapy, obesity, physical inactivity, radiation and chemical exposure, infection, autoimmune disease, smoking and changing reproductive patterns, as are associated with urbanization and economic development (4) . Some hormones play a role in the development of cancer by promoting cell proliferation. For example, a previous study indicated that there is a positive correlation between testosterone level and prostate cancer (5) . Hormones are also important agents in other sex-specific cancers, such as cancers of the ovary, testis, endometrium and breast. Furthermore, sex disparity in the incidence, aggressiveness, response to therapy and prognosis has been observed for a variety of cancers, such as lung, prostate, colorectal, stomach, breast and uterine cancer (6) .
As cancer is widespread and lethal, it is considered by some to be the most significant health problem faced by humanity. The majority of cancer deaths are associated with metastasis, but the mechanisms for metastasis and cancer spread are poorly characterized (7) . A recent study indicated that dietary lipids may promote the metastasis of cancer cells (8) . Adipocytes and their functionally related cells are strong candidates for the promotion of carcinogenesis and the influencing of tumor behavior (9) . Body mass index (BMI) is used as a general measure of mass and can serve as an unspecific means of estimating adiposity (10) . Obesity is a growing public health issue and the second most common preventable cause of death (11) . It is estimated that over one billion adults are overweight and 315 million are obese worldwide (12) . Economically developed countries have the highest prevalence of obesity. In USA, around one in three (36%) adults is obese (12) . Researchers have identified eight types of cancer linked to excess weight and obesity: Stomach, liver, gall bladder, pancreas, ovary, thyroid cancer, meningioma and multiple myeloma (13) . However, to the best of our knowledge, the relationship between BMI and cancer has not been systemically investigated.
Cancer survival rates, including two-and five-year survival, are used to estimate the prognosis for a specific cancer (14, 15) . The chance of survival depends on the type of cancer and the extent of disease at the start of treatment (16) . The early detection of cancer is associated with a good prognosis (16, 17) . Recently, with developments in the treatment of cancer, the survival rates for patients with various types of cancer have been improved (18) (19) (20) (21) . For example, the overall mortality rate for cancer in the USA has dropped by at least one-fifth over the past two decades according to new statistics from the American Cancer Society (22) . The improvements in survival rates can also be attributed to improvements in diagnosis and prognosis (16, 23) . The importance of patient characteristics to long-term survival is the subject of much debate (24) (25) (26) . The factors affecting cancer survival rates include sex, age, geographical location and the pathological type of cancer (27) (28) (29) (30) . The most significant risk factor for developing cancer is age. The effect of aging on cancer is complicated by factors such as DNA damage and inflammation promoting tumorigenesis, and factors such as vascular aging and endocrine changes inhibiting it (31) .
The epidemiology of cancer has changed with the advancement of technology and social development (32) . By using The Cancer Genome Atlas database (TCGA), the present study was designed to systemically investigate the effect of sex, BMI and age on cancer incidence and survival rates for various cancer types. It is anticipated that clarifying these issues will lead to a deeper understanding of cancer, as will be necessary for the development of precision and personalized medicine.
Materials and methods
Clinical data preparation. TCGA is a project, started in 2005, to improve the diagnosis, treatment and prevention of cancer through a better understanding of its genetic basis. This project is supervised by the National Cancer Institute's Center for Cancer Genomics and the National Human Genome Research Institute, which are funded by the US government. Clinical data of the patients from the TCGA database (version 2016_01_28, https://cancergenome.nih.gov/) were downloaded using the Broad GDAC Firehose (http://gdac.broadinstitute.org/). We downloaded the clinical data of 14,504 cancer cases, including 38 different types of cancer. The clinical data included patient ID number, vital status, overall survival time, age at initial pathologic diagnosis, time to last follow-up, gender, height and weight.
Body mass index (BMI)
. BMI, a measure calculated from height and weight, was used to categorize a person as underweight, normal weight, overweight, or obese (33) . We included only BMI measurements taken after the age of 20, assuming that subjects had reached their adult height by this age. Two-and five-year survival rates. The survival rate is the percentage of individuals with a disease still alive after a given period of time after the initial diagnosis or treatment, which can be used to estimate the prognosis for that disease (27) . An overall survival rate for a type of cancer includes individuals of all ages and health conditions, including those diagnosed particularly early or late. There are various types of survival rates, but two types of survival rates, i.e. two-and five-year survival rates, are more commonly cited in cancer statistics (34, 35) . For aggressive cancers with a shorter life expectancy following diagnosis, two-year survival statistics are typically used to estimate prognosis. Some cancers can recur many years after their initial identification and treatment. If they have not recurred by five years after the initial pathogenic diagnosis, the chance of a later recurrence is very small (36) . Therefore, the five-year survival rate can be used to compare the effectiveness of treatment. In the present study, two-and five-year survival rates for each of 38 types of cancers were calculated by Kaplan Meier curves and were compared by performing the Tarone-Ware test.
Statistical analysis. Statistical analysis system (SAS) is a software suite that can mine, alter, manage and retrieve data from a variety of sources and perform statistical analysis (37) . The SAS software suite has >200 components. The SAS/STAT component was used to perform the statistical analysis in this present study. A t-test was used to determine if two sets of data were significantly different from each other, such as sex and BMI for different types of cancer (38) . The chi-squared test was used to determine whether there was a significant difference between the expected and observed frequencies in one or more categories, such as incidence, two-and five-year survival rate for different types of cancer (39) . The P-value is the probability for a given statistical model that, when the null hypothesis is true, the statistical summary (such as the sample mean difference between two compared groups) would be the same as or of greater magnitude than the actual observed results. The cut-off for statistical significance was set as P<0.05. We performed a multiple testing correction procedure (Bonferroni adjustment) to adjust our statistical confidence intervals based on the number of tests performed. Origin is a computer program for interactive scientific graphing and data analysis. The bar charts and line charts were produced with Origin 9.0 software (https://www.originlab.com). R 3.5.0 (https://www.r-project.org/) is a software for statistical computing and graphics (40) . The pheatmap package of R (https://www.r-project.org/) was used to produce heat maps.
Results
Sex disparity is identified in the proportion of cancer incidence. There were 38 types of cancer and 14,504 cancer cases in TCGA version 2016_01_28. A sex disparity in cancer incidence, aggressiveness and prognosis has previously been observed in a variety of cancer types. To systemically investigate the sex disparity in cancer incidence, the number of cases for each of the 38 types of cancers were analyzed. In this TCGA version, 2 types of cancer were specific to males, including prostate adenocarcinoma (PRAD) and testicular germ cell tumors (TGCT) and 4 were specific to females, including cervical and endocervical cancers (CESC), uterine corpus endometrial carcinoma (UCEC), uterine carcinosarcoma (UCS) and ovarian serous cystadenocarcinoma (OV).
The sex ratios (male/female) for the incidence of all 38 cancers and the 32 non-sex-specific cancers were 1.04 and 1.2, respectively. This indicated that men are more susceptible to cancer compared with women. However, the result was reversed for some cancers, including breast invasive carcinoma (BRCA), thyroid carcinoma (THCA), adrenocortical carcinoma (ACC), lung adenocarcinoma (LUAD), pheochromocytoma and paraganglioma (PCPG) and sarcoma (SARC) (all P-values <0.024; P<0.05). In addition, there was no sex disparity in the proportion of cholangiocarcinoma (CHOL), lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), kidney chromophobe (KICH), acute myeloid leukemia (LAML), pancreatic adenocarcinoma (PAAD), rectum adenocarcinoma (READ), thymoma (THYM) and uveal melanoma (UVM) (Fig. 1) . The top 10 cancers types in males were glioma (GBMLGG), pan-kidney cohort (KIPAN), PRAD, stomach and esophageal carcinoma (STES), head and neck squamous cell carcinoma (HNSC), lung squamous cell carcinoma (LUSC), glioblastoma multiforme (GBM), kidney renal clear cell carcinoma (KIRC), colorectal adenocarcinoma (COADREAD) and bladder urothelial carcinoma (BLCA). Furthermore, the top 10 cancer types in females were BRCA, OV, UCEC, GBMLGG, THCA, KIPAN, CESC, COADREAD, LUAD and GBM (Fig. 1) . This result indicates that four types of cancers, i.e. GBMLGG, KIPAN, GBM and COADREAD, are prevalent in both males and females.
To investigate the sex disparity in the cancer predilection site, a human body map for cancer was produced. As shown in Fig. 2 , different colors were used to show the sex differences in the distribution of cancer in human body. According to this data version, an interesting phenomenon was identified, in that primary cancer did not occur in four organs, i.e. the heart, spleen, small intestine and epityphlon. There was also no primary cancer incidence in the precava, postcava, aorta and diaphragm muscle (Fig. 2) . These organs are not typically associated with chronic inflammation (41) . Hence, chronic inflammation may be the most important cause of cancer, which is consistent with the results of previous studies (41, 42) . Males were more susceptible to cancers in the lung, liver, kidney, ureter, bladder, urethra, esophagus, stomach, head and neck, nervous system and skin, when compared with females. However, females were more susceptible to cancers in the thyroid, breast and adrenal cortex, when compared with males. These results indicated that predilection sites of cancer were different for males and females.
High BMI is associated with an increased risk of cancer. In this version of TCGA, there were 3,432 patients >20 years with recorded values for weight and height, from 18 types of cancer. According to the classification standard of the World Health Organization (WHO), for all 18 types of cancer, 64.42% of patients had a high BMI (≥25), including 32.34% overweight patients (BMI ≥25 to <30) and 32.08% obese patients (BMI ≥30). The mean percentage of patients with high BMI for each cancer type was a minimum of 56%, except in DLBC, esophageal carcinoma (ESCA), liver hepatocellular carcinoma (LIHC) and STES (Fig. 3) . Furthermore, the mean percentage of patients with low BMI (BMI <18.5) for all types of cancer was 2.7% and did not exceed 7% for any type of cancer (Fig. 3) . These results showed that high BMI (≥25) was likely to be a risk factor for many types of cancer (P=9.97E-28, P<0.05), with the exception of DLBC, ESCA, LIHC and STES and these 18 types of cancer were less likely in people with low BMI (<18.5).
As displayed in Fig. 3 , patients with high BMI accounted for a particularly high proportion in CHOL, READ, KIPAN, kidney renal papillary cell carcinoma (KIRP) and were most predominant in UCES (81.6%). The result suggested that high BMI (≥25) was a high risk factor for cancer in the gallbladder, rectum, kidney and uterus. Furthermore, the proportion of obese patients with UCES and UCS were 59.6 and 38.5%. These results indicated that high BMI (≥30) was strongly associated with uterine cancer and that BMI affects different types of cancer in different ways.
The incidence of cancer demonstrates a young age trend. The majority of entries in the TCGA database have a record of the initial pathologic diagnosis age. The incidence of cancer in young adults has been increasing over the last 50 years (32). Early diagnosis is beneficial for the treatment and prognosis of cancer. To investigate which types of cancer are associated with younger patients, all cases in the TCGA database were grouped by the initial pathologic diagnosis age. They were divided into 9 groups: Group 1 (≤10) (no >10 years old); group 2 (10-20); group 3 (21-30); group 4 (31-40); group 5 (41-50); group 6 (51-60); group 7 (61-70); group 8 (71-80); and group 9 (>80 years). Cancer occurred in every age group. According to TCGA data, 0.01% of cancer cases occurred in patients ≤10 years old, and 4.9% of cases occurred in patients ≤30 years old (Fig. 4) . With an increase in age, the relative distribution of cancer increased from group to group, with a peak in group 7. After the age of 70, the proportion of the cases of cancer decreased, likely due to the smaller proportion of the population at this age. After the age of 80, the proportion of cases of cancer decreased markedly, which can be attributed to the average life expectancy (43) .
There were 2, 16 and 27 types of cancers in groups 1, 2 and 3, respectively (Fig. 5) , indicating that many types of cancer occur in young people. These cancers occurred in sites throughout the body, including the kidney, liver, breast, stomach, uterus, gallbladder, lymph, thymus, esophagus, nerve, head and neck, ovary, blood, skin, testis and eye. In addition, 6 types of cancer were skewed towards occurring in young individuals: ACC, CESC, brain lower grade glioma (LGG), PCPG, TGCT and THCA. ACC, CESC, LGG, PCPG, TGCT and THCA were most common group 3 (16.3%), 4 (21.82%), 3 and 4 (17.09 and 30.29%), 3 and 4 (12.85 and 18.99%), 3 and 4 (40.30 and 37.31%), and group 3 and 4 (11.53 and 23.26%), respectively. In particular, 77.61% of TGCT patients were aged between 20 and 40. The results suggested that TGCT predominately occurs at reproductive age, which is potentially a significant finding for individuals of this age.
Sex, BMI and initial pathologic diagnosis age impact the survival rate in cancer.
To investigate the factors that affect the survival rate, two-and five-year survival rates stratified by sex, BMI ranges, initial pathologic diagnosis age groups and cancer types were analyzed. We found that the two-year and five-year survival rates were different for each type of cancer (Fig. 6A ). GBM and PAAD had the lowest two-year survival rates, at ≤30%. In addition, the two-year survival rates for LAML and mesothelioma (MESO) were in the range of 30-40%, and two-year survival rates for ESCA, STES, GBMLGG, stomach adenocarcinoma (STAD), BLCA and UCS were in the range of 40-50% (Fig. 6A) . Twenty-two types of cancer were associated with a high (>70%) two-year survival rate, i.e. ACC, BRCA, CESC, colon adenocarcinoma (COAD), COADREAD, DLBC, KICH, KIPAN, KIRC, KIRP, LGG, OV, PCPG, PRAD, READ, SARC, skin cutaneous melanoma (SKCM), TGCT, THCA, THYM, UCEC and UVM. The 10 types of cancers with the lowest two-year survival rates occurred in the nervous system, pancreas, blood, skin, esophagus, stomach, ureter and uterus, which develop rapidly (such as PAAD and LAML), have previously been associated with a poor prognosis (such as MESO), or are not easy to find in early stages (such as GBM and GBMLGG) (16, 23) .
For the five-year survival rate, survival rates of GBM were ≤ 5%, rates for ESCA, MESO, LAML, PAAD, STES, CHOL, and STAD were in the 5-10% range, rates for UCS, UVM, and GBMLGG were in the 10-20% range. However, the five-year survival rate was ≥70% for BRCA, KICH, PCPG, PRAD, TGCT, THCA and THYM. These results indicated there are insufficient treatment options for GBM, ESCA, MESO, LAML, PAAD, STES, CHOL, STAD, UCS, UVM and GBMLGG. The five-year survival rate was lower than the two-year survival rate for all cancer types (Fig. 6B) . The differences between the two-and five-year survival rates for each of CHOL, COAD, COADREAD, LGG, LUAD, OV, READ and UVM were ≥40%, indicating that these types of cancer have a lack of effective treatment available. The results suggested that the prognoses for these eight cancers would benefit from an early diagnosis process, as well as the development of new drugs to treat them. However, the difference for GBM, KICH, PCPG, PRAD, TGCT and THYM was in the 5-18% range. Furthermore, there was no statistical discrepancy between the two-and five-year survival rates for TGCT. The small differences for these types were attributed to two separate reasons: Firstly, the majority of cancer patients died within two years after initial pathologic diagnosis in some types, such as GBM. Secondly, other types of cancer in the list have an effective It is necessary to identify which cancers have a large sex-specific difference, since previous studies have shown potential sex-specific differences in the pathophysiology, clinical presentation and treatment of cancers (44) . The two-and five-year survival rates for males and females were different for all cancer types (Fig. 6C and D) . Compared with males, females had a higher two-year survival rate for nine cancer types, i.e. BRCA, CHOL, ESCA, GBM, GBMLGG, LUAD, LUSC, STES and UVM, but lower two-year survival rates for three cancers, i.e. HNSC, KIRP and SARC (Fig. 6E) . For other cancers, there was no significant difference between the two-year survival rate for females and males (for all other cancer types, P=0.19, P>0.05). For the five-year survival rate, the sex distribution changed. Compared with males, females had a higher five-year survival rate for COAD, COADREAD, ESCA, LGG, LUSC, MESO, PCPG, READ and THCA, but a lower five-year survival rate for DLBC, KIRP, LUAD and THYM (Fig. 6E) . For other cancer types, there was no significant difference in five-year survival rate between females and males (for all other cancer types, P=0.17, P>0.05).
In recent years, researchers have stressed the importance of maintaining a healthy BMI (10, 33) . Therefore, the distribution of survival rates for different BMI ranges were analyzed for each type of cancer. We identified a positive correlation between a high BMI and the corresponding two/five-year survival rate in cancer samples (r= 0.53, Spearman correlation coefficient, Figs. 3 and 6A ). In addition, as displayed in Fig. 6F , there was an interesting phenomenon in that patients with a high BMI (>25) had a higher two/five-year survival rate compared with patients with a normal BMI (18.5 to 25). The results may indicate that human with high BMI, who have more energy, could better tolerate a long process of physical deterioration (42) .
The cancer survival rate was found to be related to the initial pathologic diagnosis age, i.e. the younger the pathologic diagnosis age, the better prognosis and the smaller mortality for all types of cancer with the exception of TGCT (Fig. 7) . The age of patient death for TGCT was ≤40 years of age in all cases. Furthermore, >40% of deceased patients with LGG, CESC, PCPG and ACC were in age groups 1-5, and 30% deceased patients with DLBC, SKCM and GBMLGG were <50 years of age. These results indicated that more attention should be paid to the biochemical indicators of nerve, kidney, uterus, lymph and skin tumors in younger individuals. However, the initial pathologic diagnosis ages for deceased patients with most types of cancer were distributed in age groups 6, 7 and 8 ( Fig. 7) , including >80% for LUSC, PRAD, MESO, THYM, STAD, LUAD, READ, STES, BLCA, CHOL, KIRP, KIRC, KIPAN and ESCA.
Discussion
Previous studies have indicated a sex disparity in cancer incidence, aggressiveness, response to therapy and prognosis in a variety of cancers, including breast, endometrial, prostate, ovarian and testicular cancer (45, 46) . In the present study, we systemically observed the cancer gender disparity for 38 types of cancer. Cancer sex disparity was not only identified for sex-related cancers, including cancers of the prostate, testis, uterus, ovary and breast, but also cancers of other organs, including the lung, liver, kidney, digestive tract, urethra, nerves, skin and head. The causes for the disparity may be the distinctive sex hormone expression between males and females, which plays an important role in cancer cell proliferation, apoptosis and differentiation, indicating a likely involvement in carcinogenesis. For example, high levels of testosterone, and estrogen and progesterone are risk factors for prostate cancer and breast cancer, respectively (47, 48) . The reasons of the disparity for other cancer types are not fully understood, and are likely due to lifestyle, psychological distress (anxiety, depression), social distress (family problems, job-related problems) and spiritual distress (spiritual pain, spiritual alienation) (46) . For example, compared with females, males are more susceptible to cancers in the lung and liver, likely due to their increased smoking and alcohol consumption rates (49) . These results indicated that it is necessary to differentiate cancer screening practices and treatments between females and males. During regular physical examinations, we should pay more attention to the KIPAN, PRAD, STES, HNSC, LUSC, KIRC and BLCA for men, and the BRCA, OV, UCEC, THCA, KIPAN, CESC and LUAD for women. The adult BMI of many countries is trending higher. A previous study indicated that the global obesity prevalence will reach 18% for men and 21% for women. Severe obesity will surpass 6% for men and 9% for women by 2025 (50) . Being underweight, and severe and morbid obesity, are associated with elevated risks of adverse health outcomes (51) . In the present study, we found that high BMI (≤25) is potentially a risk factor for many types of cancer. However, there were four types of cancer, i.e., DLBC, ESCA, LIHC and STES, which were associated with a low average BMI, which may be because the initial clinical symptoms for these cancers included weight loss, resulting in a low weight at initial pathologic diagnosis. Patients with a low BMI (<18.5) had a reduced incidence for all 38 types of cancer. These results indicated that adipocytes and their functionally related cells likely play important roles in the promotion of carcinogenesis. For example, adipocytes are thought to interact with cancer cells in the breast to promote the malignant growth of breast tumors (52) . Furthermore, more and more research has confirmed a relationship between lipid metabolism and the proliferation of cancers (53) . However, the mechanism of adipocytes and their functionally related cells in the promotion of carcinogenesis is not fully established and will be the core of our future work.
There is an increasing trend in young people in many types of cancer. For example, there was a large increase in breast cancer among young women in Brazil between 1988 and 2003 (54) . The reason for the increase is uncertain. In the present study, we systemically investigated the incidence in young people in 38 types of cancer. A percentage of 4.9% of all cancer cases occurred in patients ≤30 years old. ACC, CESC, LGG, PCPG, TGCT and THCA were particularly associated with young patients. A total of 77.61% of the cases of TGCT occurred in patients that were 20-40 years old. ACC has a bimodal age distribution by age which is clustered in children under 5 years old and adults aged 30-40 years. CESC may be identified earlier due to the universal application of cervical cytology screening (55) .
LGG is the most common childhood brain tumor (56) . PCPG and TCGT mostly occur in young or middle-age adults and TGCT most commonly occurs in between the ages of 35 and 65.
Survival for all types of cancer has markedly improved since the last century (57) . A number of improvements in treatment during this period have undoubtedly contributed to the improved survival rate. Previous studies have shown sex, BMI and initial pathologic diagnosis age differences in the pathophysiology, clinical presentation and treatment response of cancers, such as head and neck cancer, endometrial cancer and breast cancer (10, 44, 58) . In the present study, we systemically investigated the effect of sex, BMI and initial pathologic diagnosis age on two-and five-year survival rates for each of the 38 different types of cancer in TCGA. We first identified that two-and five-year survival rates were different for different types of cancer. Nine types of cancer, i.e., GBM, PAAD, LAML, MESO, ESCA, STES, GBMLGG, STAD and UCS, were associated with particularly low two-and five-year survival rates, indicating that the treatment of these types of cancer should be improved. In addition, females generally had a higher survival rate than males, with the exception of two-year survival rates for HNSC, KIRP and SARC, and five-year survival rates for DLBC, KIRP, LUAD and THYM. Survival rates for these specific cancers vary widely between men and women, potentially due to biologically and socioculturally determined factors. The role of sex and gender in cancer etiology, prevention and treatment is determined by complex, interacting variables that differ by cancer site. A comprehensive understanding requires the consideration of physiology, anatomy, hormones, behavior, lifestyle, environment and access to medical care.
Furthermore, there was a positive relationship between high BMI and survival rate. High BMI association with cancer is conflicting, as high BMI is a risk factor for many types of cancer. However, this result is consistent with the previous hypothesis that adipocytes not only play a critical role in the promotion of carcinogenesis, but that leukemia cell proliferation is inhibited when adipocytes in the bone marrow increase (59) . This conflict may arise from adipocytes providing sufficient energy for normal and abnormal metabolic activity during cancer.
Regarding the initial pathologic diagnosis age, it is known that an earlier pathologic diagnosis of a cancer is associated with a better prognosis (60) . The initial pathologic diagnosis age of the deceased cancer patients in the TCGA dataset was predominately distributed between the ages of 60 and 80. These results suggest that there is an increased chance of survival for most types of cancer when they are identified earlier. Cancers are associated with relatively low mortality when the initial pathologic diagnosis age is below 40, with the exception of TGCT. Furthermore, the initial pathologic diagnosis age for >30% of deceased patients in seven cancers, i.e., LGG, CESC, PCPG, ACC, DLBC, SKCM and GBMLGG, was below 50. These types of cancer were consistent with the types of cancers that were associated with a young age of diagnosis. For these types of cancers, we should strengthen early detection and rapid response systems to improve their prognosis.
The results of this study indicated that many factors impact the prognosis of cancers, such as sex, BMI and initial pathologic diagnosis age. Different types of cancer, sex and age groups may require different treatments. These results provide new insights, which may inform the development of precision and personalized medicine.
